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Assumption to ensure equilibrium efforts strictly below one in the main model. The cost parameter
~ is assumed to be sufficiently small to guarantee e < 1. Technically, this assumption is equivalent

to the condition

{ nf. S (1 - ><6+f>1}<i. (A1)

ué[u u]

The first two arguments of the maximum operator refer to the possible effort levels without internal
control (cf. the proof of Lemma 1 below) as well as to the effort under non-manipulation with
internal control (cf. the proof of Lemma 3 below). The third argument refers to the equilibrium

effort under manipulation with internal control (cf. the proof of Lemma 4 below).

Proof of Lemma 1. As the principal prevents manipulation, her problem reads:

max e(m —wi) — (1 —e)wy (A2)

€, W, w1
e = y(w1 —wp) (A3)

o2
wo + e(w1 — wo) — % >0 (A4)
wo, W1 Z 0 (A5)
wy —wo < nf (A6)
Replacing e using (A3) yields the simplified problem:

max y(wy — wo)(m —wy) — (1 — vy (wy — wp))wo (A7)

wo,w1

7% (w1 — wp)?

wo + v (wy — wg)? — > >0 (A8)
wo, W1 >0 (Ag)
wy —wo <nf (A10)
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Clearly, the participation constraint (A8) is satisfied for all wy,wy > 0 and we can thus neglect it.
First, suppose the non-manipulation constraint (A10) is not binding. Then, wy = 0 is optimal.
The problem becomes maxy, ywi (7 — wy), which implies wy; = 7. Thus, (A10) is not binding if
and only if § <nf. In this case, the principal’s profit is 7%2 and effort is e = v3.
Otherwise, if § > nf, the non-manipulation constraint (A10) is binding. Substituting wy —wg =
nf in the objective function, we see that wg = 0 is again optimal. We thus obtain w; = nf,

ynf(m —nf) for the principal’s profit and e = ynf for the agent’s effort. O

Proof of Lemma 2. We suppose the principal wants to induce manipulation. Her problem thus is:

max e(m—wy) + (1 - e)(m — 18 —wi) (A11)
e=nf (A12)
(16)(w1nf)+ew1§izo (A13)
wo, wy = 0 (A14)

wy —wo > nf (A15)

It is optimal to set wy = 0, as this relaxes (A15). Using (A12) to substitute e yields:

max y1f(r —wi) + (1 = ynf)(m —nd —wi) (A16)
2 2

(L= ynf) (w1 —nf) +nfwr — 7(27771") >0 (A17)

wy > nf (A18)

Setting wy = nf +¢ =: F, where ¢ N\, 0, satisfies the participation constraint (A17) and is thus
optimal. We thus obtain w{V[ = F, M = ynf, and

™ =nf(n = F)+ (1= ynf)(m —nd — F) = ynf(r —nf) + (L —ynf)(r —nd —nf) —e (A19)

Letting € approach zero, we obtain the results of Lemma 2. ]

Proof of Proposition 1. (a) Suppose that 5 < nd, which is equivalent to ”77775 < 2”—17 We distinguish

three cases regarding the size of f:
(i) We first consider the case f < ”;}"6, which implies that S := 7 —nd —nf > 0. Note that,
because case (a) applies, we also have f < % Comparing 7V and 7™ as given by (5) and (6),

respectively, we see that the principal prefers to induce manipulation.

(ii) Next, we consider the case ”_T"‘S < f < g;- In this case, S5 < 0. Thus, comparing (5) and
(6), we obtain that the principal prefers to prevent manipulation.

(iii) Finally, we consider % < f. In this case, if the principal prevents manipulation, she receives

oM — 7%2, which exceeds 7 because S < 0 and 7%2 > ynf(m—nf). The latter inequality holds



because it is equivalent to (g —-n f)2 > 0. Thus, the principal prefers to prevent manipulation.

Regarding the implemented effort, Lemma 2 and equation (4) imply that e = ynf < 7§ for

f< % For f > %, we obtain e = 73 by equation (4).
T—nd
7

(b) Now suppose that § > nd, which is equivalent to > % Again, we distinguish three

cases.

(i) We first consider the case f < % Because case (b) applies, we also have f < ﬁ;]né, which
implies S > 0. Comparing 7™ and 7™ as given by (5) and (6), respectively, we see that the
principal prefers to induce manipulation.

(ii) Now consider o < < ”_T”é. By Lemmas 1 and 2, the principal prefers to induce manipu-

lation if and only if:

2

nf(r—nf)+ Q= ynf)(m—né—nf) >v% (A20)
& (1 =nf)(m—nd—nf) >7<g—nf)2- (A21)

Because % < f< W_T"(S, the left-hand side of (A21) is strictly positive. Thus, inequality (A21)

holds for f = %, because in this case the right-hand side is zero. As the left-hand side is decreasing

in f and approaches zero as f approaches W—TM’ whereas the right-hand side is increasing in f

starting at f = %, the inequality continues to hold for all f < f, where f € <%, ”:7”5) is given by:
. A T 2\ 2 ~ 4w —46n — iy
(1—777f)(7f—775—nf)=v(*—77f) & f= - (A22)
2 4n (1 = ~on)

(iii) Finally, we consider the case ”_T"‘S < f. Following the same argumentation as in (a), case
(iii), the principal prefers to prevent manipulation.

For all f < f , the principal induces manipulation. Thus, effort is e = ynf. This is below the
benchmark effort for f < 2”—77, identical to the benchmark for f = %, and exceeds the benchmark
effort for all f such that 2”—77 < f < f. Finally, for f < f, the principal prevents manipulation and

effort is equal to the benchmark effort. O

Proof of Lemma 3. We suppose the principal has implemented internal control and wants to prevent

manipulation. The corresponding contracting problem is:

max elm — pwip — (1 — p)wg] — (1 — e)wp (A23)
€,W11,W10,W1p,W0

s.t. e =y[pwn + (1 — p)wip — wo (A24)

2

e
cliewn + (1= W] + (1= Jup = £ >0 (A25)
pwio + (1 — p)(wip —nf) < wo (A26)
w11, W1p, Wi, wo = 0 (A27)



Rewriting the objective function and the participation constraint (A25) gives:

max em —wqy — e[pw + (1 — p)wip — wo) (A28)
€,Ww11,W10,W1p,W0
e =[pwir + (1 — p)wip — wol (A29)
2
e

wo + e[pwir + (1 — p)wg — wol — > >0 (A30)
pwio + (1 — p)(wig —nf) < wo (A31)

w11, W10, Wig, wo = 0 (A32)

As wyp appears only in the non-manipulation constraint (A31), which is relaxed as wip decreases,
the principal cannot do better than setting w9 = 0. Substituting e shows that the participation

constraint holds and the problem can thus be simplified to:

max my[pwiy + (1 — p)wig — wo] — wo — y[pwir + (1 — p)wyy — wol? (A33)
w11,W1g,W

(1= p)(wip = nf) < wo (A34)

w11, ww), wo Z 0 (A35)

For any given value of pwi; + (1 — p)wyg, the principal cannot do better than setting wig = 0 to

relax the non-manipulation constraint. Then, setting wy = 0 is also optimal. We obtain:

max mypwyy — y(pw)?, (A36)

w11>0

which yields w1 = i This contract yields the benchmark effort ym/2 and benchmark profit yr2 /4
for the principal.

Note that the non-manipulation constraint (A31) is not binding. Furthermore, the optimal
contract is not unique. Maintaining wy = wig = 0, the principal could also raise wyy above zero (so
that the non-manipulation constraint remains satisfied) and reduce w1, keeping pwq1+(1—p)wg =

7/2 constant, which means that effort and wage costs remain unaffected. O

Proof of Lemma 4. We suppose the principal wants to induce manipulation under internal control

and thus solves the following problem:

ey axelm = pwn = (1= phwig] + (1= e)[(1 = p)(m = nd — wig) — prwro] (A37)
e =[p(wir — wio) + (1 — p)nf] (A38)

elpuns + (1= gl + (1= oo + (1~ p)ang —nf)] ~ - 20 (A39)

oo + (1 ) (wig — 7f) > wo (A10)

w1, Wi, Wig, wo > 0 (A41)



We relax the problem by dropping the constraint wig > 0. We will see at the end that there are
solutions to the relaxed problem that satisfy w;g > 0. As wp appears only in the manipulation

constraint (A40), wy = 0 is optimal. Rewriting the objective function yields:

em+ (1 —e)(1 — p)(m —nd) — e[pwir + (1 — pwyp] — (1 — €)[(1 — p)wip + pwio]
=em+ (1 —e)(1 - p)(m —nd) — [(1 — pJwig + pwio] — ep(wir — wio) (A42)

Rewriting the participation constraint (A39) in a similar way, the problem becomes:

e 0ax em+ (1—e)(1—p)(m —nd) — [pwno + (1 — pwe] — ep(win —wio) (A43)
e =[u(wir — wio) + (1 = wnf] (A44)

o+ (1= g+ s — wio) = (1= )1~ pnf = - >0 (A43)

pwio + (1 = plwig > (1 — pnf (A46)

wit, wip > 0 (A47)

Note that the incentive constraint (A44) and the manipulation constraint (A46) jointly imply the
participation constraint (A45): Substituting pwio + (1 — p)wig = (1 — p)nf in (A45) yields

62
e(u(wir —wio) + (1 — p)nf) — 37 20 (A48)

which holds because of (A44). We can thus neglect (A45).

Now, wqp appears only in the objective function and in (A46). It follows that (A46) needs to
be binding at the optimal contract in the sense that pwio+ (1 — p)wig = (1 — p)nf +e with e \, 0,
because otherwise the principal benefits from decreasing wy3. We can use this equation to replace

wyy in the objective function, and the problem simplifies to:

_max emt (1= e)(1— p)(x — 1) — epluwn — wio) ~ (1~ s — < (A19)
e = y[pu(wir — wig) + (1 — p)n f] (A50)
w1, wio > 0 (A51)

Note that the principal can implement any effort e by choosing w1 — wig appropriately. We can

thus use (A50) to replace wi; — wip in the objective function and obtain:

m en (1= 1= ) )~ (£ = (1= wnf ) = (1= s ¢

e2

:maxe[w—(l—u)5]+(1—u)5—;—s (A52)

e

Hence, the optimal effort is ! = Z[r — (1 — )S]. Note that e’ > 0 because 7 > S and p < 1.



Moreover, eM! < 1 by assumption (A1).

For the principal’s profit we obtain:

1M (p) = S — (1= w)SP + (1 w)S — (A53)

To summarize, any contract that satisfies the following conditions solves the relaxed problem:

2lm— (1= @S] = Aluwis = wio) + (1 = )] (A54)
pwio + (1 — pwig = (1= p)nf +e (A55)
wo =0, wir,wio =0 (A56)

where (A54) follows from the incentive constraint. The set of such contracts always includes a

1
R g™~ (1—
w)S] + % Letting € approach zero yields the results presented in the lemma. O

contract that satisfies the constraint wqy > 0, e.g., wyp = 0, wig = I_T“nf + £ wy =

Proof of Proposition 2. If S = 0, the principal’s profit under manipulation is identical to the bench-
mark profit, which will also be achieved under manipulation prevention. Hence, the principal prefers
to prevent manipulation according to the tie-breaking rules. Now, suppose S # 0. From comparing

(12) with the benchmark profit, we obtain that manipulation occurs if and only if:

%@aﬂ1_ms+0_ufyy+u_m5>o
@(ans@—%%)+%u—uﬁﬁ>w) (A57)

By assumption (A1), 37 < 1. Thus, condition (A57) holds for all S > 0.
For S < 0, condition (A57) is equivalent to:

(1—%0+%u—m5<0 (A58)

We show that this is never true. By assumption (A1),

Flem+ L=+ ) <= & T <. (459)

Thus,

2
7) 0 ( 7) Y T—5 1 v
1— 2 L1 - 1— L1 - =1
( 57 —1—4( w)S > 5T —1—4( ,u)l_# 5 47r>0,

where the last inequality follows from 37 < 1.
Overall, given the implementation of internal control, the principal induces manipulation if and
only if S > 0. O

Proof of Proposition 3. Regarding case (a) of the proposition, suppose that S > 0 so that the



principal induces manipulation when she implements internal control. We obtain:

dHMI

(T—(1—p)S)S—S<0 < %(w_(1_u)5)<1 (A60)

dp

o2

The latter inequality holds, because its left-hand side is equal to e, which is strictly below 1.
Hence, as her profit is strictly decreasing in p, the principal chooses p = p.

To answer the question when the principal prefers internal control, we first consider case (b),
where S < 0. From Propositions 1 and 2, both with and without internal control, the principal
prevents manipulation. With internal control, by Lemma 3, the benchmark effort and profit is

attained. Without internal control, by Lemma 1, the benchmark is also achieved except when

5 <ndand f € [”:}”6, %) In this case, the non-manipulation constraint (NM) is binding under
the optimal manipulation-proof contract and effort as well at the principal’s profit are lower than
in the benchmark. Thus, the principal strictly prefers to implement internal control, and internal
control leads to a strictly higher effort.

Now consider case (c¢), where S > 0 and the principal prevents manipulation without internal
control, i.e., T >mnd and f € [f, W_T”(s) By Proposition 1, f > f implies f > 37~ Thus, by Lemma
1, without internal control, the principal induces the benchmark effort and receives the benchmark
profit. With internal control, by Proposition 2 and Lemma 4, the principal induces manipulation
and effort eM’ (1) and receives profit IT™!(y). The principal thus strictly prefers internal control if
and only if TTM! () > 7%2, which is equivalent to:

v 2 m
T (1= 8P+ (1= w8 > 7
& %(7277(1 —w)S+ (1 —p)28H) + (1 —p)S >0

& (1-ps (1- %77) + %(1 )220 (A61)

By assumption (A1), 37 < 1. Thus, condition (A61) holds for all S > 0. Moreover, for all S > 0,

eMI(1) is strictly lower than the benchmark effort. O

™

Proof of Corollary 1. The corollary comprises the two cases (i) § < nd and f < ”_77775, and (ii)
5 >nd and f < f .

By Lemma 2, without internal control, the principal receives profit II™. With internal control,

by Proposition 2 and Lemma 4, the principal induces manipulation and receives profit ITM! ().
From the proof of Proposition 3 (a), we know that II™/ (1) is strictly decreasing in p. Furthermore,
lim,, oMLy = 7%2, i.e., as p goes to 1, TIM!(p) approaches the benchmark profit. Thus,
oM () > 7%2 for all p < 1.

First, note that it is possible that ITM < 7%2, so that the principal prefers internal control for
all 4 < 1. For example, in case (i) above, if f — 0 and § — %, profit IIM will approach zero.
However, ITM > 7%2 is also possible. For example, such a situation occurs in case (ii) above if

fe (%, f ), because then, without internal control, the principal would earn the benchmark profit



if she prevents manipulation, which is however strictly dominated by inducing manipulation.
Suppose that TIM > '7%2 and consider lim,,_,o[IT™! () — IIM]. If the latter is strictly positive,
there is a fi € (0,1) such that IT™! () = TM and TIMZ (1) > TIM for all 4 < ji. We obtain

i [T (p0) — 1Y) = %(W =82+ S —nf(m—nf) = (1L =ynf)(x—né —nf)
= %(ﬂ — 8+ S —nf(m —nf) — (1 —~nf)s
= 1(r =S = mf(x —nf - )
= %(W — (= nd = nf)* = ynf(x —nf = (x = —nf))
= %(775 +nf)? =nf-nd
ZWZ%(é—f)Q, (A62)
which is strictly positive as & # f. O

Proof of Proposition 4. In analogy to assumption (A1), we require a condition to guarantee that

the agent’s effort choice is strictly below 1 in our modified setting:

max {‘”Jr(l_/‘)w (A63)

0 Yl (1= 5+ )]} <

1
pE [l 0
The third argument of the maximum operator refers to the equilibrium effort under internal control
and inducing manipulation, and guarantees that é™! < 1, whereas the remaining equilibrium efforts
are captured by the first and the second argument of the maximum operator (cf. below).
Without internal control, the results of Lemmas 1 and 2, and Proposition 1 remain unchanged,
as success is always unverified and the associated payoff is again denoted by .

Let E, denote the principal’s expected payoff given success under internal control:
Er:=pr+ (1 —p)m.

Suppose, the principal has implemented internal control and wants to prevent manipulation. In

that case, she maximizes

elp(F —wi) + (1 —p) (7 —wip)] — (1 —€e)wo
=e[Er — pwi — (1 — p) wip] — (1 — e) wo
subject to the same set of constraints as in Lemma 3. Hence, in strict analogy to the proof of this

lemma, the principal optimally induces effort yE, /2 and earns (E,)?/4.

Now suppose, the principal has implemented internal control and wants to induce manipulation.



She maximizes

elp(® —wi)+ (1 —p) (m—wip)] + (1 —e) [(1—p) (7 —nd —wip) — pwio]
=e[Er — pwiy — (1 — p)wip] + (1 =€) [(1 = p) (m = nd — wip) — pavso]

subject to to the same set of constraints as in Lemma 4. Again, in strict analogy, the principal
optimally induces effort éM! = J [E; — (1 — p) S] and earns (for € \, 0)

I () = (B = (1= ) S + (1= ) S.

(a) First, we can show that Proposition 2 still holds. Under internal control, the principal will

prefer manipulation to non-manipulation if and only if

M () > ’Y(Zfr)Q o
2
T a-m S s
(1-@5(1—%&) + 2 (1= p?s? >0,

which is not satisfied for S = 0. However, the condition holds for S > 0 because of assumption
(A63). It remains to show that the condition does not hold for S < 0. For S < 0, the condition

can be rewritten as
b
4

Because, according to (A63), 3 [uft + (1 — p)n (6 + f)] < % S(1—p)S>E,— % holds, we obtain

1—%Eﬁ+ (1-p)S < 0.

gl gl gl gl 2 L gl
1-Tp+la-ws>1-Te, + 2 (B, - = :f(l——E)>0,
Bt 10w 2W+4<ﬂ 7) (-1,
where the last inequality follows from (A63). Hence, 1 — 3E; + 7 (1 — ;1) S < 0 is not satisfied for
S <0.

Concerning the shape of the profit function 1M1 (), we obtain the following results:

ﬁMI
ddu(“):;[Eﬂ—(l—u)S](ﬁ—w+S)—S:éMI(ﬁ—w)+(éMI—1)S,
PIM () oy
CW():2<7T_7T+S)2>O

Because # —m > 0, éM! > 0, and (™! — 1) < 0 (due to (A63)), the profit function ITM (1) is
strictly increasing in u for S < 0. Thus, for S < 0, the principal prefers u = . For S > 0, ﬂMI(,u)
can be increasing, decreasing, or non-monotonic for p € [u, i]. However, as 1M1 () is a strictly

convex function, the problem max,c(, 4 M7 () must have a corner solution. The principal strictly



prefers u = i if and only if

M () > 1M ()

& - ([ +pE —m) — (1= p)S)? = [r+ p(F — ) — (1 - p)S°) > (i — p)S.

2

As the left-hand side of this condition is strictly increasing in 7 whereas the right-hand side is
independent of 7, the principal will adopt u = f if and only if 7 exceeds a certain threshold.

(b) Suppose, S < 0. Irrespective of whether the principal has chosen internal control or not,
she prefers to prevent manipulation. With internal control, she earns v(E,)?/4. Without internal
control, she earns y72/4 < v(E,)?/4 or an even lower profit. The comparison between the results
of Lemma 1 and the optimal effort under internal control, yE;/2, shows that the optimal effort
under internal control is strictly larger.

(c) Suppose, S > 0 and manipulation prevention is optimal without internal control. By
Proposition 1 and Lemma 1, the principal induces the benchmark effort and receives the benchmark
profit. For S > 0, the principal prefers manipulation under internal control, and receives M7 ().
The comparison of the two profits shows that

? gl

ﬂMI(N)M% = Z[(EW)Z—WQ]+(1—/,L)S(1—%E7r)+%(1—u)252>0

is true according to (A63). In addition,

M =2 [Br—(1-p)S)>2n & pi+(l—pr>m+1—p)(m—ni—nf)

A>7r—(1—u)77(5+f)
W

will be true if 7 is sufficiently large.
O

Proof of Proposition 5. The following technical assumption ensures equilibrium efforts strictly be-

low 1:

max {;T, nf, % {71' —(1— M)S—f—uﬂ} < i’ (A64)

welp.nl
In analogy to the previous sections, the third argument of the maximum operator refers to the
equilibrium effort under internal control and inducing manipulation, whereas the remaining equi-
librium efforts are captured by the first and the second argument of the maximum operator (cf.
below).
(a) First, we consider the consequences of an additional loss from internally detected manip-
ulation, f , for the solution when the principal has chosen internal control and wants to prevent

manipulation. The principal’s new optimization problem only differs in one respect from the one

10



considered in Lemma 3. The non-manipulation constraint is now given by

M(wm—f)+(1—M)(w1@—77f)§w0~

As the non-manipulation constraint was already slack in the previous problem of Lemma 3 and is
now all the more slack due to f > 0, the solution to the optimization problem with f is the same
as the one for the problem considered in Lemma 3. The principal induces the benchmark effort %ﬂ

and receives the benchmark payoff 372,
Second, we have to analyze the implications of f for the principal’s optimization problem when
she has chosen internal control and wants to induce manipulation. Contrary to the optimization

problem considered in Lemma 4, the new problem now reads as follows:

max e[m — pwin — (1 — p)wip] + (1 —€) [(1 — p) (m = né — wip) — pawio]

€,W11,W10,W10,W0

€=’Y{M(w11—w1o+f)+(1—M)77f}

62

elpns + (1= ) wng] + (=€) [ (wio = F) + (1= ) (wng = nf)| > -

u(wlo—f>+(1—u)(w1@—77f)>w0
w11, W10, Wig, wo = 0.

We can proceed in the same way as in the solution to the problem in Lemma 4. Setting wg = 0 is
optimal. For the moment, we drop the constraint wyy > 0 and check it later. The relaxed problem

can be rewritten as follows:

max_er+ (1—e) (1— 1) (r —16) — [uwio + (1 — 2) wig] — ept [wrs — wig)

€,W11,W10,W10

62’)’[,L6<w11—w10+f) +(1—M)77f}
M(wlo—f> + (1= p) wig + ep [wn— (Mo—f)] —(1—6)(1—/077}”2;
i (wio = F) + (1= p)wig > (1= w)nf
w1, wio > 0.

Substituting (ww — f) + (1 — p) wyg = (1 — p)nf in the participation constraint leads to

A =pynf +epfun - (wo—f)| - Q-0 @-pnf> o

e[u(w11—wm+f)+(1—u)nf >

11



Together with the incentive constraint, this inequality shows that the participation constraint is
slack under the optimal contract and, thus, can be neglected. The remaining relaxed program is

given by:

max e+ (1 —e) (1 — p) (7 —nd) — [pwio + (1 — p) wig] — ep [wir — wig]

€,W11,W10,W1¢

e=rx u(w11—w10)+ﬂf+(1—u)?7f]

pwio + (1 —p)wig > (L—p)nf + pf
wi1, wig 2 0.
As wyp only appears in the objective function and the manipulation constraint, it is optimal for

the principal to set pwig + (1 — p)wyg = (1 — p)nf + pf + ¢ with & \, 0. By substituting for

pwip + (1 — p) wyp in the objective function, the latter can be rewritten as

max _er — e[ (wi —wio) + (1 — ) (m— )] + (L= ) § — uf — <.

€,w11,W10
The incentive constraint can be used to replace p(wi; — wip) in the objective function, so that the
remaining relaxed program becomes
2

maxew—e[(l—u)S—uf —%—I—(l—u)S—uf—s.

e>0

As this function is strictly concave, optimal effort is given by the first-order condition, yielding

eMp)y=3 |7 —(1—p)S+ ,uf] The corresponding optimal profit is

12

M7 () = 3 [r = (L= ) S+ puf] + (=) S —puf —e.

Overall, an optimal contract for implementing this solution to the relaxed program has to satisfy

%[W—(l—u)5+uﬂ zy[u(wn—wlo)+/ﬁf+(1—u)77f ;

pwio + (1= p)wig = (1= p)nf + uf +e,
w11, W10 Z O, and woy = 0.
A contract that solves both the original and the relaxed program is the following one:

1-— +¢€ ~ 1 . €
wo = wyg = 0, wloz('u')unf+f, and Wi =g W*(1*N)5+Hf]+;-

A comparison of the optimal profits with and without manipulation under internal control shows

12



that the principal will induce manipulation if and only if (recall that ¢ N\, 0)

i =S4 uf] + - mS - uf> 1w e

! b
(n - =) (3|75 (nF - 1= -1 §>o

This inequality will be satisfied if either

uf—(l—u)S>0 and

o2

7T+%(uf—(1—,u)5) > 1, (AG5)

or if

pf—(1—p)S <0 and

N2

-7r+;<uf—(1—u)5) <1 (A66)

From assumption (A64), we know that

g[wr(uf—(l—u)s)} <1,

which contradicts (A65). Rewriting (A66) leads to

f<1_7'u5 and f<2<2—7r> 1_MS
1 A\ [

As we also know from (A64) that § < %, which is equivalent to % > 7, the principal will prefer
manipulation to non-manipulation under internal control if and only if

1= _
f<——FPs e s> P f
1 L—p

If the principal induces manipulation under internal control, she will strictly prefer u = p, as

MW T e ms o] (s+5) - (s47) <o
%[w—(l—u)SJruﬂ <1

is true because of (A64).
(b) For S <0, the claim of Proposition 3(b) remains unchanged, as under internal control the
principal still prefers non-manipulation and implements the benchmark solution.

(c) Suppose, S > 0 and manipulation prevention is optimal without internal control, i.e., § > né

and f € [ f , ”_77’75). From the proof of Proposition 3(c), we know that the principal implements
the benchmark solution when there is no internal control. For the case of internal control, we
have to differentiate between two cases: If S < 1 f , the principal prevents manipulation and also
implements the benchmark solution with mternal control otherwise, she induces manipulation and

earns a strictly higher payoff, as we know from the proof of result (a). Overall, the principal weakly
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prefers to implement internal control. For those parameter constellations for which the principal

strictly prefers internal control, i.e., for S > % f , she induces manipulation and a strictly lower

effort compared to the situation without internal control, as

~MT — l |: — (1= ~:| 1 L r
é 5 |7 (1—p)S+uf <27T & S>1_Hf
is true.
(d) Suppose, 0 < S < %f & ﬂ_n"a - ﬁf < f< W_Tms and, without internal control,

the principal prefers manipulation. By Lemma 2, the principal then receives the profit IT"™. With
internal control, the principal prevents manipulation (by result (a) of the current proposition) and

2

implements the benchmark solution with profit %77 . The principal will prefer internal control if

and only if

%WZ>vnf(7r—nf)+(1—'w7f)S=HM<:>
y

17# >anf(m—nf)+ (1 —nf) (x —nf —nd) &
%w2>7r—nf—(1—777f)775<:>

*W2+é7r*é[nf+(1*'7nf)n5] <0.
vy

Concerning m, the left-hand side describes a concave parabola with the possible zeros

” = 3 (1= VGo DT 1D).

From (A64), we know that fyn < 1. Thus, for the case vdn > 1 considered in the proposition, the
expression under the square root will be negative and feasible zeros do not exist. Consequently,
the principal prefers internal control.

As the principal implements the benchmark effort %7’[’ under internal control and the effort
eM = ynf without internal control, effort under internal control is strictly higher if and only if

f<2“—n. O

Proof of Corollary 2. In situations without internal control, we have to differentiate between (a)
5 <ndé and (b) § > né. The left panel of Figure 1 on case (a) immediately shows that introducing
vicarious liability leads to less manipulation in a situation in which external control of the principal
is already high (5 < 7d). In case (b) on initially low external control of the principal, there will be
manipulation if and only if f < f with

;4w —4on — 2y
- A (1 —~on)

14



according to the proof of Proposition 1. As

of  (2-m)

- =TTV o,
06 4(1—md)*

the introduction of vicarious liability also reduces manipulation in case (b). Recall that the imple-
mented efforts do not depend on § in either case.

In situations with internal control, according to Proposition 2, the introduction of vicarious
liability also decreases the parameter space for which the principal induces manipulation, as S
decreases with d. In addition, eM”(u) increases with 4.

The problem described by Proposition 3(c) will be mitigated if, in case (b), § > 70, the interval

[ f , ”_”6) shrinks with an increase in §. The derivative

o (1) =i G [ () )

is negative, because 3 > nd in the given situation, % > 4 according to (A1), and 1 > ynd as—in the

given situation of Proposition 1(b)—%5 > nd together with f > % imply that f > 6 with 1 > ynf
according to (Al). O

Proof of Lemma 5. We assume that assumption (A1) holds to guarantee equilibrium efforts strictly
below one.

(a) Suppose, the principal implements internal control and wants to prevent manipulation. As
one of the previous solutions for the optimal contract, w1y = wip = 0 and wy; = i (compare
Lemma 3), is still feasible under the new constraint w3 > wyp > wio, it also solves the principal’s
new problem.

(b) Now, suppose that the principal wants to maximize profits under internal control and
manipulation, including the new restriction w1 > wyg > wip. Thus, the optimization problem for
this modified setting reads as follows:

cny x| el — pwn = (1= p)wig) + (1 =€) [(1— ) (7 — 10 —wip) — pawo]
e = [p(wi —wio) + (1 —p)nfl

62

e[pwin + (1 — p)wip] + (1 =€) [pwio + (1 — p) (wip — nf)] = >
pawio + (1 — p) (wig —nf) = wo + ¢ (with €, 0)
w1l = Wyp = Wio

w11, W10, W1p, Wo Z 0.

As in the original problem without the additional restriction, setting wy = 0 is optimal to relax

15



the manipulation constraint. We can rewrite the problem as follows:

max e+ (1 —e) (1 — p) (7 = nd) — [pwio + (1 — p) wig] — ep [wir — wig]

€,W11,W10,W1()

e=7[u(wir —wi) + (1 — p)nfl

[\

pwio + (1 — p)wyg — (1 —p)nf +elp(win —wio) + (1 — p)nf] >

319

pawio + (1 —p)wg > (L —p)nf+e
w1l 2 Wiy = Wi
w11, Wwig, wyg > 0.

Combining the incentive constraint with the participation constraint as in the proof of Lemma
4 immediately shows that the participation constraint is always slack, so that we can neglect it.

Replacing e by the incentive constraint in the principal’s objective function yields

max 7y [p (w11 — wio) + (1 = p)nf] [ = (1 = p) (7 = nd) — p (w11 — wio)]

w11,W10,W1g
+ (1 — p) (m = n6) — [pwio + (1 — p) wyg)
w11, wig, wig = 0
pwio + (L —p)wyg > (L —p)nf+e
w1l 2> Wip = Wig-

The corresponding Lagrangian to our problem is, hence, given by

L (w11, wio, wig) = v [ (w11 — wio) + (L — p) nf] [m — (1 — p) (w — 1) — p (w11 — wio)]
+ (1= p) (m = nd) — [pwio + (1 — p) wig)
+ A1wi1 + Agwio + Aswig + Ag [pwio + (1 — p)wig — (L —p)nf — €
+ A5 [wir — wig] + A6 [wip — wio]

with A1, A2, A3, Ag, A5, Ag > 0 and € N\, 0. We obtain the following optimality conditions:

oL

o =~ W [m = (1= p) (S+2nf) = 2p (w1 —wi0)] + A1+ A5 =0 (AGT7)
oL
dog — [m—= (1 =) (S+2nf) = 2 (w11 — wio)] — o+ A2+ Aap — A6 = 0 (AG8)
oL
=XM+M—-—1D1—p)—As+X=0 (A69)
aww

w11, wig, wig = 0
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pwig + (1 —p)wig = (L —p)nf +e (A70)
w1l = Wig = Wi (AT1)
Al-wir = Ay -wig = A3 -wyg =0

Ay [pwio + (1= p)wig — (L—p)nf—€l =0

)\5 . [w11 - wm] =0 (A72)
Ag - [wip — wig] = 0. (A73)

Combining (A67) and (A68) yields
AM+de+(M—1)p+ A5 — A =0. (AT4)

This equation and (A69) together lead to
Mt A+ A3+ A =1,

so that at least one of the first four constraints must be binding. Suppose, the first constraint is
binding, i.e., w11 = 0. However, according to (A71), this result would imply wy = wip = 0, so that
(A70) is violated. Thus, we must have wy; > 0 and A\; = 0. Similarly, wyg = 0 together with (A71)
implies wip = 0, but this result would again violate (A70). Consequently, wiy > 0 and A3 = 0
under the optimal contract.
To sum up,
Ao+ A =1,

and we have to differentiate between three remaining cases:

(i) The second constraint of the optimization problem is binding whereas the fourth is not, so
that wigp = 0 and pwio+ (1 — p)wyy > (1 —p)nf+eand g =1and \y =0 .

(ii) The fourth constraint is binding whereas the second is not, so that pwig + (1 — p) wyy =
(1—p)nf+eand wyp>0and Ao =0 and \y = 1.

(iii) The second and the fourth constraint are both binding, so that wijp = 0 and pwiy +
(I —p)wig=(1—p)nf+eand A, Ay > 0.

Consider case (i). Because of Ay = 0 and Ay = 1, equation (A74) becomes A6 = 1 — u + As.
Thus, Ag is strictly positive, so that wiy — w19 = wig = 0 due to (A73), because wig = 0. However,
wip = wyp = 0 contradicts the manipulation constraint (A70). Consequently, case (i) does not yield
a solution to our optimization problem.

Now, consider case (ii). Because of \; = Ao = 0 and Ay = 1, equation (A74) becomes A5 = Ag.
First, suppose that A5, \¢ > 0, i.e., the new restriction w11 > wyp > wig becomes binding for all

three wages in the optimum. In that case, (A72) and (A73) imply wi; = wyy = wip. From the
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binding manipulation constraint, we, thus, obtain wi; = wyy = wig = (1 — p)nf + € with € N\ 0.
In addition, for (A67) to be satisfied under Ay = 0 and A5 > 0 and w1 = wyy, i.e.,

yplm — (1 —p) (S+2nf)] + A5 =0,

we must have that

ylr =1 —p)(S+2nf)] <0 [m— (1 —p)S <nf.

2(1—p)
Second, suppose that A5 = A\¢ = 0. Together with A\; = 0, equation (A67) becomes
Yl = (L= p) (S +2nf) = 2p (win —wio)] =0 7 — (1= p) (S + 2nf) = 2p (w11 — wio) -

As the new restriction (A71) must hold, this equation implies that we must have
1
T—1—pw)(S+2nf) >0 ——[n— (1 —pu)S] >nf.
(1= (S +20f) > 06 s [r = (1= ) S]
In addition, as

7T—(l—u)(SJr%f)=2M(w11—zzf1o)<:>%[7r—(1—u)51Zu(wn—7~Ult))+(1—u)77f

and the manipulation constraint (A70) is binding, this solution replicates the previous solution in
the proof of Lemma 4.

Now consider case (iii). Because of wig = 0 and pwio + (1 —p)wyg = (1 —p)nf + e, we
immediately obtain the optimal wage wqyp = nf + ﬁ As wyp > 0 = wip, (A73) implies Ag = 0.
Due to A3 = Ag = 0, (A69) simplifies to

(A —1)(1—p) — A5 = 0.

Together with Ao + Ay =1 & Ay = 1 — g, this equation leads to —A2 (1 — u) — A5 = 0, which can
only be satisfied if Aa = A5 = 0. For A\ = A5 = 0 = wjp, condition (A67) boils down to

yulr = (1= p) (S +2nf) = 2pwn] =0& 7 — (1 —p) (S + 2nf) = 2pw,

which—because of w11 > wyg > w19 = 0—requires that

T—(L—p)(S+2mf) 20 m— (1—p)S] = nf.

2(1-p)

Overall, this candidate solution collapses to a specific case of the previous solution in the proof of

Lemma 4.
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Finally, observe that, if

Sl — (= S] > (L= wnf,
the contract wp = 0, wig = wyp = (1 —p)nf and wi; = i [3r— (1 —p)S)— Q= pnf]+@—pwnf

is optimal in the absence of the new wage restriction (compare Lemma 4) as well as satisfies the

new wage restrictions. Hence, in this case, the new wage restriction is not binding and the principal

induces eM (1) and earns ITM! () as specified in Lemma 4.

Otherwise, if %[7’[‘ — (1 —w)S] < (1 — p)nf, by the above analysis, the new wage restriction is

binding for all wages and the optimal wages are wy = 0 and w11 = wig = wig = (1 — p)nf. Given

éMI

these optimal wages, the agent exerts effort = (1 —p)nf, and the principal receives the profit

M () = (1= p)(nf [ = (1 = p) (S +nf)] + S). We obtain

M () > M (1) &y (L= p)nf > L= (1 =) 5] &

(1= p)nf > 5br— (- p) 8],

) >e

which is satisfied. In addition, because of the binding wage restriction, we must have ITM/ (1) <
M (). O

The case where condition (15) is only violated for a subset of [u, fi]. Suppose that there exists a
ft € (i, i) such that condition (15) is violated for all 41 < ji but holds for all 2 > fi. This means that,
if the principal picks a u > ji, she can still earn the profit ITM?(p). In other words, implementing
a sufficiently effective internal control system is now even more helpful to alleviate the effects of
the wage restriction. However, as the profit IIM/(y) is strictly decreasing in p, the principal may
prefer 1 = j1, but will never choose an effectiveness strictly above fi. As ITIM! () = IIM! (1) and the
profit function ITM7 (1) may attain its maximum at a lower value of y, the principal may prefer an
effectiveness strictly below /i as the associated profit TTM! (1) can exceed TT™!(f1). Overall, compared
to the case analyzed in Proposition 6, the wage restriction leads to a weakly lower effectiveness and

a weakly higher effort.

Proof of Proposition 6. (a) Suppose, the principal has implemented internal control. If she wants
to prevent manipulation, the choice of p will be irrelevant, as she always obtains the benchmark
payoff.

If she wants to induce manipulation, she maximizes the function IT™Z(4), which describes a

concave parabola with a maximum at

S +ymnf .

T sy

Obviously, ji < 1. However, it is not clear, whether /i is positive or not. In addition, IT™! (0) =
2 f6 + S > 0 and TIMI (1) = 0. We have to differentiate between two case. If i < 0, then
dITMT (1) /dp < 0 for all p € M, [L], so that u* = p. If 1 > 0, then p* = [i given that i € [B? ﬂ];
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otherwise, p* = p if pp > fi, and p* = i if i < fi. Result (a) summarizes these findings.

In the next step, we analyze, under which parameter constellations the principal will prefer
manipulation to non-manipulation if she has implemented internal control. Given internal control,
she will prefer to induce manipulation if and only if the respective profit IIM!(u*) exceeds the

benchmark profit, which would be realized under non-manipulation:

2

M () = (1= @) (nf [m = (1= @) (S + )] + 5) > v% &

L=y —p)nf] (1 =) S > Tlr =21 = )il

As the term in square brackets at the left-hand side of the inequality is strictly positive due to

M (") = v (1 — p*)nf < 1 (see assumption (Al)), we obtain

S>1 [7_2(1—M*)77f]2 (A75)

41 =p) 1=~ =p)nfl

We can immediately see that the right-hand side of (A75) is always positive. In addition, we
can show that there exist feasible parameter constellations for which (A75) holds. By replacing S,

inequality (A75) can be rewritten as

[r —2(1 — ") nf)?
L—p*) [1 =~ (1= p*)nf]
41— p*) (w [+ fypn] —nf) — 7y

4(1—p*)[L = (1 —p*)ynf]

7r—17(5—17f>%(

> n0.
Consider, for example, v, — 0. As the denominator is strictly positive, the condition simplifies to

™ > fn.

In addition, as v — 0, assumption (A1) is clearly satisfied. Finally, condition (15) has to be

violated, which can be rewritten as f > %w + 0. Due to § — 0, both inequalities together
yield

*

1—p*

T<nf<m,

which can be satisfied for p* < % In the derivation of u* above, we have seen that the principal
chooses p* = p for v, — 0.

(b) Suppose, S > 0 and preventing manipulation is optimal without internal control, i.e., we

have § > nd and f € [ f , ”_7]’75>. In that case, without internal control, the principal implements

the benchmark solution, yielding profit 7721—2. If for 5 >mnd and f € [ f , ”_T”‘;) the principal prefers
manipulation to non-manipulation under internal control—that is, condition (19) is satisfied—,

the manipulation profit ITM! (n*) will exceed the benchmark profit ’y’%f, which implies that the
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principal prefers to implement internal control in order to induce manipulation.!

!There exist feasible parameter values that satisfy the conditions for result (b) to hold, for example, § = 0,
n=v=0.1,and 7 = 1.8.
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